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(54) Ultraviolet curable coatings for optical fiber for wet-on-wet application 



(57) The present invention is a method of malcing an 
optical fiber, and the fiber itself, where the primary and 
secondary coatings are cured simultaneously with UV 
radiation. The method of making the optical fit>er com- 
prises applying (5) the primary coating on a glass fiber 
(optical fiber) where the primary coating has a first pho- 
toinitiator which allows the primary coating to be cured 
by a first wavelength range of UV light, applying (10) the 
secondary coating over the primary coating where the 
secondary coating contains a second photoinitiator 
whose UV reaction spectra is substantially different from 
the first photoinitiator in the primary coating and which 
allows the secondary coating to be cured through expo- 
sure to UV radiation in a second wavelength range of 
UV light, and finally by exposing (50) the optical fiber, 
having the two coatings, to a UV light source which con- 
tains wavelengths In both wavelength ranges of the first 
and second photoinitiators, so that the primary and sec- 
ondary coatings cure simultaneously. The present in- 
vention is directed to eliminating the probtema of uncon- 
trollable post-cure hardening of the coatings, that exist 
in present manufacturing methods, while at the same 
time greatly reducing the time and costs involved in 
making optical fibers by reducing the height of the draw 
tower and increasing production speeds, without com- 
promising the quality or durability of the fiber coatings. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Inv ntlon 

[0001] The present invention generally relates to the 
field of optical fibers, in particular the simultaneous cur- 
ing of t>oth the primary and secondary coatings of an 
optical fiber with uttraviolet radiation where the second- 
ary ooating is applied "wef' over an uncured "Nvef pri- 
mary coating. 

Discussion of Related Art 

[0002] Optica! fibers are very small diameter glass 
strands which are capable of transmitting an optical sig- 
nal over great distances, at high speeds, and witti rela- 
tively low signal loss as compared to slandard wire or 
cabie networks. The use of optical ftt)ers in today's tech- 
nology has developed into many widespread areas, 
such as: medicine, aviatbn, communicalions, etc. Be- 
cause of this development, there is a growing need to 
produce optical fibers of betterquallty at faster rates and 
lower costs. 

[0003] Many of the areas of use foroptical fibers, such 
as communications, require the optical fibers be protect- 
ed from various destructive elements, such as adverse 
weather, moisture, impact damage, etc. This protection 
for the individual fibers comes from the fiber coatings. 
Today, most optical fibers have two coatings, which are 
often referred to as the primary and secondary coatings. 
The primary coating is applied onto the surface of the 
optical fliTer, with the secondary ooating t>elng applied 
on top of the primary coating. The main function of the 
primary coating is to provide a soft "cushion' lor the 
glass fiber, protecting it Irom shocic damage. The main 
purpose of the secondary coating is to provide a semi- 
rigid protective stiell to protect both the primary coating 
and the glass fiber from adverse environmental ele- 
ments, as well as ptiysical damage. 
[0004] One of the most common methods of making 
optical fillers today is by a process often referred to as 
the "draw" process. In this process, a large glass pre- 
fomi is made. The preform is the actual materia! that the 
glass fiber (optical fiber) is made from. The preform has 
two layers, the inner layer, or core, and the outer layer, 
or cladding. The core is made from very pure silica 
glass, while the cladding is made from silica glass which 
is of a purity level lower than that of the core. The differ- 
ence in purity results In the core and cladding having 
two different Indices of refraction. This difference then 
causes the light waves which are transmitted in the core 
to be reflected off of the surface of the cladding as the 
light travels through the optical fiber core. 
[0005] Once the preform is made, the next step is to 
"draW" th pr form into a glass fiber (optical fiber) with 
th desired diameter. One of th most common means 



to accomplish this is through the use of a "draw tower". 
Th "draw tower" is a production apparatus which has 
an of the major stages required to manufiacture an opti- 
cal fib r from a glass preform to the finished fiber. In this 
5 process the glass pref rm i s typically suspended above 
the apparatus with the bottom most end of the pr form 
entering into a furnace. The furnace uniformly melts the 
preform such that the preform exits the furnace as a very 
thin diameter optical glass fiber. The cross-section of the 
10 glass fiber retains the core and cladding layers. The rate 
the preform is moved Into the furnace can be regulated 
to allow the maintenance of a constant diameter in the 
optical fiber. Once the glass fiber leaves the furnace it 
is generally cooled. This cooling can t>e either active or 
16 passive cooling. Active cooling employs a means to ao- 
fively cool the fiber, and passive cooling just uses the 
ambient air and room temperature to cool the fiber. 
[0006] After the glass fiber is cooled to a preset tem- 
perature then the fiber is typically coated with the prima- 
20 ry coating. This is generally done in a coating die. The 
primary coating is applied In such a way as to completely 
cover the fiber. This primary coating is then cured or 
hardened. Once the primary coating has been cured or 
hardened, the secondary coating is then applied to com- 
^ pletely cover the primary coating. The secondary coat- 
ing is then cured so as to harden it and secure ft to the 
primary coating . Once this process is complete then the 
fiber is generally considered an optical fiber, as com- 
monly known and understood. Rnally the optical fitier is 
90 wound past a capstan and onto a reel or spool . 

[0007] A diagrammatical representation of this prior 
art process can be found in Rgure 1. Figure 1 shows 
that in the prior art. the glass preform 1 is suspended 
above a furnace 2 which uniformly heats the glass of the 
35 preform 1 such that the glass fiber 4 ^'ts the ftimace 2 
at Ihe diameter required for the optical fiber. Afterexiting 
the furnace 2 the fiber 4 may enter a diameter measuring 
device 3 which measures the diameter of the fiber 4 as 
it exits the furnace 2. The measuring device 3 may be 
^ connected to a control system (not shown) which in- 
creases or decreases the speed at which the prefomn 1 
is inserted into the furnace 2 to change the diameter of 
the fiber 4, at the exit of the furnace 2. 
[0006] After the measuring device 3, the fiber passes 
4S through the first coating die 5. The first coating die 5 
applies the primary coating to the fiber. The primary 
coating is applied such that it completely surrounds and 
encapsulates the glass fiber 4. The primary coating is 
placed on the fib^ in liquid form, otherwise known as 
50 "wet." The glass fiber exits the first coating die 6 with 
only the primary ooating in its Vet" stage 6. The fiber 
with oniy the wet primary coating 6 then passes through 
a concentricity gauge 7 which checks the concentricity 
of the primary coating. 
^ [0009] Foltowing the concentricity gauge 7 the fiber 
passes through the first curing chamber 8. In general 
this curing chamber 8 will t>e a UV curing chamb r 
where the primary coating is radiated with UV light caus- 
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ing the photoinitiator, in \h primary coating, to iniliat 
th cure f the primary coating. Th sp ed of the fiber 
as it passes through the chamb r, along with the inten- 
sity of th iight are the major factors to be governed dur- 
ing this stage of the process. The faster the draw sp ed s 
of the fiber, th moreint nseth light must be to nsure 
that the coaling is property cured. If the draw speed is 
slow, the intensity can be less because the exposure to 
the UV rays will be increased, as any one given point 
on the fitter 6 will be in the curing chamber 8 for a longer io 
period of time. 

[0010] Once the primary coating has been sufficiently 
cured, the fiber exits the first curing chamber 8 and en- 
ters a measuring device 9 which measures the diameter 
of the primary coating to ensure that the diameter of the 
coating Is within set iimrts. The measuring device 9 is 
usually coupled with a control system (not shown) which 
regulates the parameters within the first coating die 8 to 
ensure the proper diameter of the primary coating is 
maintained. After the measuring device 9, the fiber then 20 
passes through the second coating die 10. which ap- 
plies the secondary coating, in liquid form, over the 
cured primary coating. The second coating die 10 oper- 
ates in a similar fashion to the primary coating die 8, 
except it usually applies a different coating material. ^ 
[001 1] Upon exiting the second coating die 10, the fib- 
er is now coated with both the primary and secondary 
coatings 11. The fiber then, usually, passes through a 
second concentricity gauge 12, which performs the 
same function as the previous gauge 7. This Is followed 30 
by the second curing chamber 1 3. As with the first curing 
chamber 8, the second curing chamber 13 usually em- 
ploys UV radiation to cure the secorrdary coating, and 
again, the speed of the fiber and the intensity of the lights 
are factors dictating the degree of cure. This is where 35 
many of the prior art problems lie. The heat generErted 
from the second curing process along witti the additional 
UV radiation causes the primary coating (which has al- 
ready been cured) to be overcured or suffer from post- 
cure hardening, which is very undesirable in optical fiber ^ 
coatings. Follovring the second curing chamber 13, the 
fiiDer again passes through a diameter measuring and 
control device 14, which controls the diameter of the 
secondary coating applied to the fiber. At this stage the 
manufacturing process of the optical fiber is essentially ^ 
complete. The optical fiber 11 is completely cured. Fi- 
nally, the fiber 11 passes by a capstan 15 and Is then 
wound on a spool devioe or reel 16. 
[0012] As stated eariier, the coatings of the optical fib- 
er are mainly used to provide chemical, mechanical and ^ 
environmental protection to the glass fiber core and 
cladding. To accomplish this purpose the two layers are 
usually made from different materials. Generally the pri- 
mary coating is relatively soU (having a relatively low 
Modulus of Elasticity of 1-2 MPa) when compared to the S6 
secondary coating and Is used as a cushion or shock 
prot ction for the glass fib r Th secondary coating Is 
relatively hard (having a relatively high Modulus of Elas- 



ticity of 30-60 MPa) and provides a semi-rigid protectiv 
sh II for the fiber and primary coating. The most com- 
mon types of coatings used are ultraviolet (UV) curable 
coatings. These are coatings which have a photoinltlat r 
component used in the coating compositi n which allow 
the curing of the coatings to be accelerated by exposure 
to UV radiation. 

[0013] Photoinitiators function by absorbing energy 
which is radiated by a UV-, or sometimes a visible, light 
source. This energy absorption then initiates polymeri- 
zation of the liquid coating placed on the fiber, and ac- 
celerates the hardening of the coating. This acceleration 
greatly reduces the production time of optical fibers, 
making production more profitable. 
[0014] However, this method of curing optical fiber 
coatings Is not without its problems. Among other things, 
the curing process can generate a large amount of heat 
in the coatings of the fiber. This heat generally comes 
from hot UV/Visible lamps by convection or by infrared 
in^adlation accompanying the UV- or visible light of a 
lamp during cure, and from Ihe exothermic polymeriza- 
tion (i.e. cure) itself. This heat also contributes in curing 
the coatings, but can cause serious problems. One of 
the most important problems or considerations is uncon- 
trollable*'post cure hardening." This Is where ttie coating 
continues to cure beyond the desired level of cure, after 
the curing process has stopped. This is very undesirable 
as post-cure hardening may cause problems with the 
fit>er coating or the fiber itself. Therefore, it is desirable 
In the fiber opliclndustry to greatly limit orellminate com- 
pletely the problems associated with post-cure harden- 
ing. 

[001 5\ It should be noted, at this point, that certain lev- 
els of post-cure hardening will always taice place be- 
cause the termination of Irradiation of the coating never 
results In an Immediate cessation of the polymerization 
oocum'ng in the coating materials. Macroradicals 
formed during irradiation continue to react even after the 
in-adlation has stopped. However, greater control over 
the amount and extent of post-cure hardening Is very 
desirable. The present invention aids in providing tttis 
control over post-cure hardening while redudng the 
height and overall costs of the draw tower used to make 
the optical fiber from a fiber preform. 
[0016] As stated eariier, the primary coating should be 
relatively soft, to protect the glass fiberfirom microt>end- 
ing. But when the primary coaling suffers from post-cure 
hardening it can become much harder than is desirable. 
This added hardness makes the glass fiber more sus- 
ceptible to microbending. Microbending is the formation 
of microscopic bends In the glassfiber, which will reduce 
the effectiveness of the fiber by reducing the magnitude 
of transmitted light power, i.e. attenuation. One of the 
major factors leadir^ to overcuring (post-cure harden- 
ing) is the two step cure process discussed above. In 
this process the primary coating is appli d and then 
cured, and then the secondary coating is applied and 
then cured. As th secondary coating is being cured, th 
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primary coating is being heat d up and cur d for a sec- 
ndtim bylh UV radiation int ndedtocur the seo- 
ndary coating. This r suits In having primary coatings 

much harder than is desirable, 

[0017] Addrtionally, th use of two separate curing ^ 
chambers increases the h ight of th draw tower and 
the associated costs. The higher the draw tower, the 
higher the facility which houses lt_must be, along with 
having duplicate components at different stages in the 
draw tower. Further, the higher the draw tower the longer io 
it takes to draw a fiber from a prefonn. 
[0018] Moreover, optical fibers are often placed in 
multiple fiber ribbons, where many Individual fibers are 
secured to each other through a ribbon matrix material. 
This ribbon matrix material is very similar to the coatings is 
used on the fibers, usually requiring a UV curing stage. 
This "third" UV curing stage provides an additional cur- 
ing step for the primary coating, resulting in a primary 
coating hardness which is much more than is desirable 
for optimal optical fiber performance. 20 
[0010] One method employed in the prior art to ad- 
dress the problems associated with post-cure hardening 
of the coatings Is found U.S. Patent No. 6,018,605 to 
Mills et al. This patent disclosure tries to avoid the prob- 
lems of post-cure hardening of prior methods by maldng 25 
the primary coating with a photoinltiator that reacts to 
light in a relatively short wavelength UV spectrum, while 
having the secondary coating made with a photoinltiator 
which reacts to light in a relatively long wavelength spec- 
trum. However, like the prior art Mills discloses using two 30 
separate curing cliambers and stages in the draw tower 
to cure the two coatings. Therefore, the disclosure of 
Mills does not eliminate the problems and costs associ- 
ated with higher draw towers, which Increase the draw 
time of optical fibers while Increasing costs and the 35 
number of components that require repair and replace- 
ment. 

[0020] Another method disclosed in the prior art is the 
use of visible light to cure one or both of the coatings. 
These methods also have severe drawbacks. Because ^ 
visible light is used to cure the one or both of the coat- 
ings, the probiems of uncontrollable post-cure harden- 
ing during handling of the fik)er under ambient light are 
not avoided. After the curing process is complete, the 
optical fiber is then exposed to daylight, or light emitted ^ 
from other sources during the manufacturing process. 
This In^adialton by ambient light during handling or 
processing of the fibers will subject the primary coating 
to additional post-cure hardening, as the primary coat- 
ing's photoinltiator reacts to visible light. Further, as with ^ 
the previously discussed process, the optical fiber will 
be exposed to additional visible and ultraviolet light dur- 
ing coloring of the optical fibers or when the fibers are 
secured in a ribbon matrix material. This exposure to 
visible light duri ng the various stages of production, han- 55 
dling, and Installation of the optical fibers will subject the 
primary coating to sev re "post-cure" hard ning. As 
stated eariier, this Increases th hardness and Modulus 



of Elasticity of the primary coating, thus making the 
glass fiber more susc ptible t micnobending and pre- 
venting the primary coating from performing it's intend- 
ed function as a "cushion" for the fiber. 
[0021] These problems ass dated with post-cure 
hardening under ambi nt light ar further magnified 
when the fibers are stored on spools. As the fibers are 
stored on the spools, the ouler-most fitiers are exposed 
to ambient light, while the inner-most fibers are not 
Therefore, the outer-rrx^st fibers will have significantly 
more post-cure hardening then the inner-most fibers. 
This creates the problem of having a single length of 
fiber with diflerent Modulus of Elasticity cfiaracteristics 
in the coating, throughout the length of the fiber. This 
inconsistency is highly undesirable in the commercial 
fiber market, and can lead to portions of the spooled fill- 
er being discarded, as b&ng too hard. 
[0022] Another disadvantage of the above method is 
the relatively slow draw speed that must be used. As 
described, the above process only uses a single visible 
light source, which primarily emits radiation in the visible 
light range, with only a minor amount of ultraviolet radi- 
ation. This disproportional emission of energy requires 
very slow draw speed of the fiber through the curing 
chamber to ensure that the secondary coating is not "un- 
der-cured." This would happen because of the relatively 
small amount of ultraviolet radiation emitted from the 
single visible light source that is used, if the line speed 
is too fast the secondary coating will not receive enough 
ultraviolet energy to property cure. However, as a con- 
sequence of the slow draw speed required, the possi- 
bOity for the primary coating to overcure is inCTeased. As 
the fiber is drawn slowly through the visible Dght to en- 
sure the secondary coating is property cured from the 
residual ultraviolet rays, there Is Increased exposure 
time of the primary coating to the visible fight, resulting 
in overcure of the primary coating before it even enters 
the ambient light or daylight during handling, processing 
and Installation. 

[0023] An additional problem common with using pho- 
toinltiators whteh react under visible fight is the inability 
to have clear coatings. In certain applications, it is de- 
sirable for optical fiber coatings to be dear. But, many 
visible light photolnitiators are colored and will imparl 
color to the coatings when they are cured. This Omits the 
applicatton and use of fibers which are cured with these 
visible light photolnitiators. 

[0024] These probiems with the prior art greatly affect 
the speed at which optical fiber can be manufactured, 
and increase the risk that optical fiber coatings will be 
overcured or sufierfrom post-cure hardening which se- 
riously affect the operabiilty, efficiency and reliability of 
the optical fibers. 

SUMIMARY OF THE INVENTION 

[0025] Thepr sent invention is directed to eliminating 
the above problems of uncontrolled post-cure hard n- 
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ing, in Ihe prior art, while at the same fim gr atly re- 
ducing the tim and costs involv d in maldng optical fib- 
ers, by reducing the height of the draw t wer and in- 
creasing production speeds, wrthout compromising the 
quality or durability of the fiber coatings. 
[0026] Th present Invention is a method f making 
an optical fiber, and the fiber itself, where the primary 
and secondary coatings are cured simultaneously with 
ultraviolet radiation. The method of maldng the optical 
fiber comprises applying the primary coaling to the glass 
fiber (optical fiber) where the primary coating has a first 
photoinitiator which allows the primary coating to be 
cured by a first wavelength range of UV light, applying 
the secondary coating over the primary coaling where 
the secondary coating contains a second photoinitiator 
whose absorption spectra in the UV-region is substan- 
tially different from the first photoinitiator In the primary 
coating and which allows the secondary coaling to be 
cured through exposure to UV radiation in a second 
wavelength range of UV light, and finally by exposing 
the optical fiber, having the two coatings, to a UV fight 
source which contains wavelengths in both wavelength 
ranges of the first and second photoiniliators, so that the 
primary and secondary coating cure simultaneously. 
[0027] As a note, the absorption spectra of photoini- 
tiators in a UV-region are usually their action spectra. 
That means, that an excitation of a photoinitiator In one 
or another absorption band in a UV-region results In 
photochemical reactions leading to free rndicals of the 
initiator. 

[0028] The present invention avoids many of the prob- 
lems with the prior art by greatly reducing the risks of 
uncontrolled post-cure initiated by visible light by elimi- 
nating a complete curing step, and only using ultraviolet 
radiation. By curing both coatings in a single step, with 
UV radiation, the primary coating will not t>e subjected 
to a second cure stage resulting in overcure of the pri- 
mary coating, and will not be subject to post-cure hard- 
ening due to exposure to visible light. Further, the use 
of two different UV photolnltiators for each of the coat- 
ings will ensure that as the two coatings are cured si- 
multaneously, the secondary coating (outside coating) 
will not cure before the primary coating. This prevents 
problems associated with having the secondary coating 
cure prior to the primary coating, which bloclcs the UV- 
light from reaching the primary coating and creates 
problems because the primary coating is under-cured, 
thus providing little or no protection for the glass fiber. 
[0029] it is not to say in the present invention that 
there will be no overlap at all In the UV absorption spec- 
tra of the two photoinltlators, but the overlap would be 
minimal to ensure proper cure of both the primary and 
secondary coatings. 

[0030] The present invention will result in a reduction 
In the height of the optical fiber draw tower caused by 
the reduction In steps and equipment required, which 
would greatly increase productivity and profits whil 
maintaining, if not improving, th quality and durability 



of the primary and secondary coatings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

s [0031] The advantages, nature and van us additional 
features of the inv ntion will appear m re fully upon con- 
sideration of the illustrative embodiment of the invention 
which is schematically set forth in the drawings, in 
which: 

10 

Figure 1 is a diagrammatical representation of an 
optical fiber manufiacturing system or "draw tower" 
as ioiown and used in the prior art; 
Figure 2 is a cross-sectional view of a conventional 
15 optical fiber, showing both the primary and second- 
ary coatings; 

Figure 3 is a diagrammatical representation of an 
optical fiber manufacturing system, or "draw tower," 
embodying the present method and apparatus of 
20 the invention as disclosed; and 

Figure 4 Is a diagrammatical representation of the 
single-step curing chamber employed in the 
present invention to simultaneously cure the prima- 
ry and secondary coatings. 

2S 

DETAILED DESCRIPTION OF THE INVENTION 

[0032] The present Invention will be explained in fur- 
ther detail by malcing reference to the accompanying 
30 drawings, which do not limit the scope of the invention 
in anyway. 

[0033] Turning to Rgure 2, it depicts a completed op- 
tical fiber 100 which can be manufactured under either 
the prior art method (shown in Figure 1 and discussed 

35 earlier) or the method of the present invention. Ttie typ- 
ical optical fiber includes the glass fiber 65, which is 
made up of the pure silica glass core 60 and the silica 
glass cladding 70, which completely surrounds the core 
60. The glass fiber Is then completely surrounded by the 

^ primary coating layer 80 and a secondary coating layer 
90. where the primary coating layer is positioned be- 
tween the secondary coating layer 90 and the glass liber 
65- 

[0034] Generally, the primary coating Is selected from 
^ common urethane acrylate coatings which are used and 
known in the prior art However, the primary coating is 
not limited to these types of coatings and can use other 
coatings commonly used in the industry. Primary coat- 
ings usually contain difunctional uretiiane acrylate oli- 
so gomers, reactive diluents (which are commonly mono- 
or difunctional acrylates of low molecular mass), and 
one or more photoinltiators. Urethane oligomers are a 
product of the condensation of diisocyantes likeisopho- 
rone diisocyanate (IPDI) or others with polyols (polyes- 
55 ters, polyethers, polycarbonates, poiybutadienediol and 
others). Typical photoinltiators include aromatic carbo- 
nyl compounds, which undergo a-cleavage in th excit- 
ed triplet Stat (l(nown in photochemistry as Non-ish 
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splitting I). Commonfy used photomitiators are known 
und rlrad names Darocui€) or I rgacuns® and are man- 
ufactured by Ciba Additives of Tarryt wn, New Y rfc. 
Similar compounds are commercially available Irom 
other photolniliator manufactures as well. 0th r types 
of photolnltiatorsus d are compounds that while b ing 
photoexcited into a triplet state abstract hydrogen or 
electrons from a donor. TTie donor (or coinltlator) is usu- 
ally amine. These second type of photolnrtlators usually 
Include benzophenone and its derivatives, isopropylth- 
ioxanthen-9-one (ITX), and some dyes, among others. 
These initiators and coinltlators are available from UCB 
Radcure of Smyrna, Georgia, Sartomer of Exton, Penn- 
sylvania, and First Chemical of Pascagoula, Mississippi. 
The photoinittator, in the primary coating, typically has 
photoactive absorption bands with absorption maxima 
usually in the UV region of the spectrum. In the preferred 
embodiment, the photoinitiator in the primary coating 
will have an absorption band with a maximum in near 
UV IX 350^00 nm) part of the spectrum. A UV bulb for 
this application can be the widely used [Xbidb of Fusion, 
Inc. of Gaithersburg, Maryland, which has an emission 
spectrum which protmdes into the visible light region. 
Further, the photoinitiator in the primary coating is pre- 
lienBd to have photoreactive absorption bands in the 
range of 360-400 nm. 

[0035] The secondary coaling Is also selected from, 
but is not to be limited to, the common urethane acrylate 
coatings which are used and known in the pnor art. The 
general composition of the secondary coating is gener- 
ally similar to that of the primary coating, but usually 
there are differences. The common composition of the 
secondary coating is similar to that of the primary coat- 
ings (seethe discussion above). Generally, the compo- 
sition of the relatively hard secondary coating includes 
dlgomoners of lower molecular mass than those of the 
primary coatings and may include acrylates with funo- 
tionaOty of more than two. However, unlike in the primary 
coating, in the preferred embodiment, the photoinitiator 
in the secondary coating is to have an absorptbn band 
(s) substantially different from that of the photoinitiator 
in the primary coating. Unlike the photoinitiator in the 
primary coating, the photoinitiator in the secondary coat- 
ing will have a relatively shortwave absorption band, in 
the range of 300-360 nm. TTie range of wavelengths of 
the photoinitiator in tlie secondary coating of the pre- 
femed emtradiment has an absorption maximum be- 
tween 310-340 nm. 

[0036] Although it is desirable In the present invention 
tbrthe absorption spectra of the two photoinitlators used 
to not overiap, it is not necessary to the present inven- 
tion. A minor or minimal overlap in spectra will not defeat 
the purpose and benefits of the present Invention. In one 
of the embodiments of the invention, it was found that 
such photoinitlators of Ciba Additives of Tarrylown. New 
York as Darocur4265 tor the primary coating and irga- 
cure 651 for th secondary coating hav ph toactive 
peak abs rbanoe spectra which overlap only a minor 



amount, and p rmit the simultaneous curing f th pri- 
mary and secondary coatings. Darocur 4265 has a re- 
active/absorption band In the area of 280420 nm peak 
ab3ort)ance range while Irgacure 651 has a range of 

5 260-380 nm. This v Hap Is minor and the fad that the 
absorption spednjm of Darocur 4265 is red-shifted 
compared to the spectrum of Irgacure 651 allows the 
two coatings to be cured simultaneously with UV light 
source like the D-Bulb (previously discussed). It should 

10 be noted that although the D-Bulb is referenced the 
present Invention is not limited to the use of this bulb. In 
fact, any conventional or comrmnly used light source 
may be used as long as it meets the requirements of the 
photoinitlators which are used in the primary and seo- 

15 ondary coatings. Additionally, two or more exdmer eleo- 
trodless lamps, which emit very narrow bands, can also 
be used for simultaneously curing as discussed above. 
For example, it is possible to use two lasers emitting dif- 
ferent wavelengths of UV-light, as the UV-llght source, 

20 to simultaneously cure the primary and secondary coat- 
ings 

[0037] Several other commercially available couples 
of photoinitlators for simultaneously curing the primary 
and secondary coatings can be used. Examples of pos^ 

25 sible photoinitlators for the primary coating include Irga- 
cure 784. Irgacure 819, Irgacure 1700 and Irgacure 
1850, while additional examples of possible photoinitla- 
tors for the secondary coating include irgacure 184, ir- 
gacure 369, Darocur 1173, Irgacure 1000, and Irgacure 

30 500. 

[0036] Now turning to Rgure 3, which is a schematk; 
representation of the draw tower used in the present in- 
vention. It is very similar in construction to that used in 
the prior art, but due to the advantages of the present 

35 invention has less components and can be smaller in 
height. This will allow a dramatic decrease in manufac- 
ture time for optical fiber while reducing costs. As shown 
in Figure 3, a standard glass preform 1 is used and uni- 
formly heated in a furnace 2, as In the prior art. The glass 

40 fiber 4, drawn from the furnace 2 may pass through a 
fiber diameter measuring device 3, which is coupled to 
a control system (not shown) which can regulate the 
speed at which the fiber 4 is drawn, to ensure it main- 
tains the desired diameter. The fiber 4 will then pass 

^ through the first coating die 5, which will completely coat 
the fiber with the primary coating composition. The pri- 
mary coating Is applied in liquid form. The fiber then may 
pass through a concentricity gauge or diameter moni- 
toring device 7 which will check the diameter of the pri- 

^ mary coating and control the operation of the first coat- 
ing die 5 through a control system (not shown). Howev- 
er, unlike the prior art method shown in Figure 1, the 
fiber, with the "wet" or uncured prin^ary coating, will then 
pass through the second coating die 10 which applies 

^ the secondary coating in liquid fonn over the uncurBd 
primary coating. As discussed prevknjsiy, th coatings 
can be of any known or us d optical fiber coating, but 
must have two differ nt photoinitlators such that there 
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isn substanlialov liapofthephofoadivepeakabsorb- 
ance ranges of th diff rant photoinitiators. Following 
th application of ttie secondary coating, th fiber may 
pass through a second concentricity gauge or diameter 
monitoring device 12 which will checic the diameter of 
th secondary coating and control the second coating 
die 10 through a control system (not shown) to ensure 
proper diameterof the secondary coating. Following this 
coating application, the glass fiber with the uncured pri- 
mary and secondary coatings 11 will enter the single- 
stage curing chamber 50 of the present invention. This 
chamber 50 will expose the coated fiber 11 to at least 
two ranges of UV radiation, which cover the absorption 
spectra of the photoinitiators lised in both the primary 
and secondary coatings. The structure of the single step 
curing chamber 50 will be discussed in more detail be- 
low. In the prefen-ed emtxxjiment. the length of time for 
a point on the fiber to pass through the single-step curing 
chamber 50 will be related to the intensity of the UV rays 
and will be governed by the characteristics of the pho- 
toinitiators used. During this step the photoinitiators in 
each of the coatings are simultaneously pholoexcited 
by the simultaneous exposure to the UV radiation, caus- 
ing the simultaneousinitiatlonof cure of both the primary 
and secondary coatings. 

[0039] it is Important to note that if the absorption 
bands of the photoinitiators in the primary and second- 
ary coatings overlap by more than an insubstantial 
amount, the primary coating would not be properly 
cured. This is because as the UV rays pass through the 
secondary coating the secondary coating will be cured 
first and as it cures it will prevent sufficient UV radiation 
from reaching the primary coating, thus causing the pri- 
mary coating to be "under-cured." This Is why it Is nec- 
essary to avoid substantiat overlap in the photoactive 
peak absorbanoe ranges of the photoinitiators used. 
[0040] Finally, as the completely cured optical fiber 1 1 
exits the single-step curing diamber 50 the fiber 1 1 may 
pass through a final measuring device 40 which can be 
coupled with a control system (not shown) to monitor 
the final diameter of the optical fiber 11 and control the 
drawing process to ensure the required coating diame- 
ter Is maintained. Following this stage, the fiber is then 
wound pasta capstan 15and spooled onareel or spool- 
ing device 16. 

[0041] The curing chamber 50 used in the present In- 
vention can be of any common or conventionally used 
chamber used in optical fiber production, as long as the 
bulb or bulbs 51 used emit UV light in the ranges re- 
quired to properly cure both the primary and secondary 
coatings. One example could be a curing chamber as 
shown In Figure 4, which has two bulbs 51 in a reflector, 
having the fiber passing through the center of the reflec- 
tor. Another possible chamber configuration is using one 
powerful lamp in ttie focal point of an elliptical reflector 
with the fiber passing through the other focal point of the 
elliptical r fleeter. Furth r, it is common to use a infrared 
screen between the lamp or lamps and the flb r to pre- 



vent 1h IR light from being irradiat d on the fiber, thus 
increasing the coating temperature to undesirabl lev- 
els. When using tw or more lamps it Is possible for each 
Individual lamp to emit a separate wavelength band (for 
5 th primary and secondary coatings individually) r f r 
ih lamps to mitth same broad wavei ngth band cov- 
ering both coatings. 

[0042] it is of course understood that departures can 
be made from the preferred embodiments of the Inven- 
10 tion by those of ordinary skill in the art without departing 
from the spirit and scope of the invention that is limited 
only by the fdiowing claims. 



15 Claims 

1. A method of simultaneously curing primary and sec- 
ondary coalings (80, 90) for optical fibers, compris- 
ing: 

20 

- applying (5) a primary coating on an optical fib- 
er, said primary coafing containing a first pho- 
toinltiator allowing said primary coating to be 
cured through exposure to ultraviolet radiation 

^ having a first wavelength range: 

- applying (10) a secondary coating oversald pri- 
mary coating, said secondary coating contain- 
ing a second photo Initiator whose ultraviolet re- 
action spectra is substantially different fi^om 

30 said first photoinitiator allowing said secondary 

coating to toe cured through exposure to ultra- 
violet radiation having a second wavelength 
range; and 

- exposing (50) said optical fiber with said prlma- 
35 ry coating and said secondary coating to an ul- 
traviolet light source containing wavelengths in 
said first and second wavelength ranges so as 
to cause said first photoinitiator and said sec- 
ond photoinitiator to cure said primary coating 

40 and secondary coating simultaneously. 

2. The method according to claim 1 . wherein said first 
photoinitiator has an absorption maximum less than 
X400 nm. 

3. The method according to claim 1 or 2, wherein said 
second photoinitiator has an absorption maximum 
less than X 360 nm. 

50 4. The method according to claim 1. 2 or 3, wherein 
said first photoinitiator has an absorption maximum 
In the area of X 360 - 400 nm. 

5. The method according to one of claims 1 to 4, 
55 wherein said second photoinitiator has an absorp- 
tion maximum in the area of X 300 - 360 nm. 

6. The method according to one of claims 1 to 5, 
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wherein said first photoinitiator has an absorption 
maximum in the range of X 360 - 370 nm, and said 
second photoinitiat r has an absorption maximum 
in the range of X300 - 360 nm. 

5 

7. Th m thod according to one of claims 1 to 5, 
wh rein said first photoinitiator has an absorption 
maximum in the range of X 371 * 380 nm, and said 
second photoinitiator has an absorption maximum 

in the range of X 300 - 360 nm. io 

8. The method according to one of ciaims 1 to 5. 
wherein said first photoinitiator has an absorption 
maximum in the range of X 381 - 390 nm, and said 
second photoinitiator has an absorption maximum is 
in the range of X 300 - 360 nm. 

9. The method according to one of ciaims 1 to 5, 
wherein said first photoinitiator has an absorption 
maximum in the range of X 391 - 400 nm, and said 20 
second photdniUator has an absorption maximum 

in the range of X 300 - 360 nm. 

10. The method according to one off ciaims 1 to 5. 
wtierein said first photoinitiator has an absorption 25 
maximum In the range of X 360 - 400 nm, and said 
second photoinitiator has an absorption maximum 

in the range of X 300 - 310 nm. 

11. The method according to one of ciaims 1 to 5, 30 
wherein said first photoinitiator has an absorption 
maximum in the range of X 360 - 400 nm, and said 
second photoinitiator has an absorption maximum 

in the range of X311 - 320 nm. 

35 

1Z The method according to one of claims 1 to 5, 
wherein said first photoinitiator has an absorption 
maximum in the range of X 360 - 400 nm, and said 
second photoinitiator has an absorption maximum 
in the range of X 321 - 330 nm. ^ 

13. The method according to one of ciaims 1 to 5, 
wherein said first photoinitiator has an absorption 
maximum in the range of X 360 - 400 nm, and said 
second photoinitiator has an absorption maximum ^ 
in the range of X 331 - 340 nm. 



IS. The m thod according to ne of claims 1 to 15, 
wherein th uitr vioiet light source comprises at 
leastone UV bulb which emits UV radiation in wave- 
lengths within both the first wavelength range and 
1h second wavelength range. 

17. The method according to one of claims 1 to 15, 
wherein the ultraviolet light source comprises at 
least one first UV bulb which emits UV radiation 
within the first wavelength range and at least one 
second UV bulb which emits UV radiation within the 
second wavelength range. 

18. An optical fiber (100), comprising: 

- a glass fiber (65): 

- a primary coatlng(80), wherein said primary 
coating contains a first photoinitiator. allowing 
said primary coaling to be cured through expo- 
sure to uttnaviolet radiation having a first wave- 
length range; 

- a secondary coating (90) over said primary 
coating, wherein said secondary coating con- 
tains a second photoinitiator whose a ultraviolet 
spectra is substantially different from said first 
photoinitiator, allowing said secondary coating 
to be cured through exposure to an ultraviolet 
radiation having a second wavelength range; 
and 

wherein said primary coating and secondary coat- 
ing are cured simultaneously through exposure to 
an ultraviolet light source containing wavelengths in 
sad first and second wavelength ranges. 

1 9. The optical fiber according to claim 1 8. wherein said 
first photoinitiator has an absorption maximum less 
than X 400 nm. 

20. The optical fiber according to claim 1 8 or 19, where- 
in said second photoinitiator has an absorption 
maximum less than X 360 nm. 

21. The optical fiber according to claim 18, 19 or 20, 
wherein said first photoinitiator has an absorption 
maximum in the area of X 360 - 400 nm. 



14. The method according to one of claims 1 to 5, 
wherein said first photoinitiator has an absorption 
maximum in the range of X 360 - 400 nm, and said ^ 
second photoinitiator has an absorption maximum 

In the range of X 341 - 350 nm. 

15. The method according to one of claims 1 to 5. 
wherein said first photoinitiator has an absorption ^ 
maximum in the range of X 360 - 400 nm, and said 
second photoinitiator has an absorption maximum 

in th range of X 351 - 360 nm. 



22. The optical fiber according to one of claims 18 to 

21, wherein said second photoinitiator has an ab- 
sorption maximum in the area of X 300 - 360 nm. 

23. The optical fiber according to one of claims 18 to 

22, wherein said first photoinitiator has an absorp- 
tion maximum in the range of X 360 - 370 nm, and 
said second photoinitiator has an absorption maxi- 
mum in the range of X 300 - 360 nm. 

24. The optical fiber according to one of claims 18 to 
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22, wherein said first photoinitiator has an abs rp- 
tion maximum in the range of ^ 371 - 380 nm, and 
said second ph toinitiator has an absorpti n maxh 
mum In the range of X. 300 - 360 nm. 

5 

25. Th ptrcal fiber according to one f claims 18 to 
22, wherein said first photoinifiator has an absorp- 
tion maximum in the range of X 381 - 390 ran, and 
said second photoinitiator has an absorption maxi- 
mum In the range of X 300 - 360 nm. 10 

26. The optical fiber according to one of claims 18 to 
22, wherein said first photoinitiator has an absorp- 
tion maximum in the range of X 391 - 400 nm, and 
said second photoinitiator has an absorption maxi- is 
mum in the range of X 300 - 360 nm. 

27. The optical fiber according to one of claims 18 to 
22, wherein said first photoinitiator has an absorp- 
tion maximum in the range of X 360 - 400 nm, and 20 
said second photoinitiator has an absorption maxi- 
mum In the lange of X 300 - 310 nm. 

28. The optical fiber according to one of claims 18 to 
22, wherein said first photoinitiator has an absorp- 25 
tlon maximum in the range of X 360 - 400 nm, and 
said second photoinitiator has an absorption maxi- 
mum in the range of X 311 - 320 nm. 

29. The optical fiber according to one of claims 18 to 30 
22. wherein said first photoira'tiator has an absorp- 
tion maximum in the range of X 360-400 nm, and 
said second photoinitiator has an absorption maxi- 
mum in the range of X 321 - 330 nm. 

39 

30. The optical fiber according to one of claims 18 to 
22. wherein said first photolnit»tor has an absorp- 
tion maximum In the range of X 360 - 400 nm, and 
said second photoinitiator has an absorption maxi- 
mum In the range of X 331 - 340 nm. 40 

31. The optical fiber according to one of claims 18 to 
22, wherein said first photoinitiator has an absorp- 
tion maximum In the range of X 360 - 400 nm, and 
said second photoinitiator has an absorption maxi- 45 
mum In the range of X 341 - 350 nm. 

32. The optical fiber according to one of claims 18 to 
22. wherein said first photoinitiator has an absorp- 
tion maximum in the range of X 360 - 400 nm, and 50 
said second photoinitiator has an absorption maxi- 
mum In the range of X 361 - 360 nm. 
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